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ABSTRACT 

The glycosidation of some 2-O-allyl- and 2-0-benzyl-D-galactopyranosyl 
sulfonates was studied as a function of alcohol, solvent, leaving group at C-l, and 
substituent groups at C-3, -4, and -6. In the 2,3,4-tri-O-benzyl series, no combinations 
of these parameters lead to high a-stereoselectivity, and high /3-stereoselectivity was 
observed only in methanolyses with the trifluoromethanesulfonate leaving-group. 
With 2,3-di-0-benzvl_4,6-di-O-(N-phenylcarbamoyl)-~-galactopyranosyl p-toluene- 
sulfonate, high a-specificity (>90 “A was achieved on methanolysis and, with the 
corresponding trifiuoromethanesulfonate, high &stereoselectivity. Results with 
2-O-allyl- and 2-O-benzyl-3,Pdi-O-(N-phenylcarbamoyl)-6-O-ace~l-D-g~actop~a- 
nosy1 sulfonates were comparable to each other. In general methane- and p-toluene- 
sulfonates in solvents of the ether type gave high a-stereoselectivity (>90%) with 
a number of alcohols of widely different structures, including saccharides Thus, 
appropriately substituted D-galactopyranosyl sulfonates, reacting overnight with an 
equivalent amount of alcohol, formed c-glycosides in high yield and steric purity, 
as has previously been observed with related glucose derivatives. The nature of the 
substituents at C-3, C-4, and C-6 has a profound influence on the steric course of the 
glycosidation reaction. 

INTRODUCTION 

At least since the 1960 contribution of Rhind-Tutt and Vernon’, the glycoside- 
forming reaction of glycosyl halides has been treated as the nucleophilic attack of 
an alcohol on a labile ion-pair. In the absence of neighboring-group participation, 
the alcohol is assumed to approach the glycosyl cation from the rear side and thus 
produce a glycoside having the conI&uration opposite to that of the tight ion-pair. 
In general, the thermodynamically favored a-glycosyl halide is much less reactive 
than the jI ion-pair, so that some degree of isomerization of the a halide usually 
occurs prior to reaction, and a mixture of P- and a-glycosides result$. By increasing 
the concentration of halide ion relative to that of alcohol, Lemieux and coworkers3 
have, in several cases, been able to cause s&Ecient inversion of an a-glycosyl bromide 
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prior to glycosidation to obtain cr-glycosides of rather high anomeric purity. In this 
laboratory, we have been investigating the influence of alcohol concentration, 
substituent groups, sugar structure, leaving group, and solvent on the stereoselectivity 
of glycoside-forming reactions 4-l’. In our experience, high concentration of alcohol 
always tends to favor formation of the /3-glycoside or to decrease @-stereoselectivity. 
If the customary halide leaving-groups are avoided, and sulfonates are used instead, 
an attractive series of groups of widely differing reactivities is available: methane-, 
p-toluene-, benzene-, p-bromobenzene-, 2,2,2-triguoroethane-, and trifluoromethane- 
sulfonate, and so on. Apparently, all of these are more reactive as leaving groups than 
bromide and, in the examples we have tried, reaction between one mole of @ycosyl 
sulfonate with slightly more than one mole of alcohol in homogeneous solution results 
in essentially complete reaction during periods ranging from a few min to a few 
h6*11*13*14. If silver sulfonate is allowed to react with a glycosyl halide in the presence 
of alcohol, the steric course of these reactions sometimes differs from that observed 
when the sulfonate is preformed 6. Therefore, for consistency and simplicity, in these 
experiments, we first allowed the glycosyl halide to react completely with silver 
sulfonate and then added an alcohol to the resultant product in homogeneous 
solution_ The stereoselectivity is then dependent on the glycosyl-group structure, 
the Ieaving group and pattern of substituents, and the solvent in which the reaction 
is conducted. In previous research, it was shown that 2,3,4-tri-O-benzyl-6-O-(& 
phenylcarbamoyl)-l-O-p-toluenesulfonyl-~-glilcopyranose reacted in ether with 
alcohols to form a-glycosides in high steric p~rity~~, and that the reaction could be 
readily used in the stepwise synthesis of isomalto-oligosides13. In an attempt to 
extend this result to o-galactose , 2,3,4-tri-O-benzyl-D-galactopyranose derivatives 
having at C-l the p-toluene-, p-bromobenzene-, and tritluoromethane-sulfonate 
leaving-groups and at O-6 the benzyl, N-phenylcarbamoyl, N-@-methoxyphenyl)- 
carbamoyl, p-nitrobenzoyl, and 3-acetylpropionyl protecting groups, were subjected 
to methanolysis with one equivalent of methanol in various solvents. The results 

l4 were disappointing . Formation of cc-glycoside was highest with thep-toluenesulfonate 
leaving-group, but in no instance was the stereoselectivity high enough to be of 
interest. The p-bromobenzenesulfonate leaving-group, in limited testing, gave rather 
more p-glycoside, and the trifluoromethanesulfonate group in a few examples gave 
high p-stereoselectivity. However the /3-stereoselectivity was adversely affected by 
complexity of the aglycon when the reactions were tested under similar conditions in 
the synthesis of disaccharides 14. The following experiments were undertaken to 
determine whether more-successful glycoside syntheses could be effected with other 
galactose derivatives. 

RESULTS AND DISCUSSION 

Our previous results on 2,3,44ri-O-benzyl-D-galactopyranose derivatives14 were 
extended by investigating the effects of the aglycon, the solvent, and some C-l and 
C-6 substituents on the stereochemical outcome of glycosidation reactions. The 
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TABLE I 
GLYCGSIDATION OF 2,3,4-TRI-O-BENZYL-D-GALA~~~PYRAN~~YL DEFUVATIVES 

6-O-Substituent Alcohola Solvent Conversion a Anomer 
(“%I (“%-I 

1-p-Tolnenedfonate* 
N-Phenykarbamoyl 
N-phenylcarbamoyl 
_V-Phenylcarbamoyl 
N-Phenylcaxbamoyl 
N-Phenylcarbamoyl 
N-Phenylcarbamoyl 
N-Phenylcarbamoyl 
N-Phenylcarbamoyl 
p-Toluenesulfonyl 
p-Toluenesulfonyl 
p-Toluenedfonyl 
p-Toluenesulfonyl 
p-Toluenesulfonyl 
p-Toluenesulfonyl 
p-Toluenesulfonyl 

I-Tritluoroethan esdfonate* 
p-Toluenesulfonyl 
p-Toluenesulfonyl 
p-Toluenesulfonyl 
p-Toluenesulfonyl 
p-Toluenedfonyl 
p-Toluenesulfonyl 
p-Toluenesulfonyl 
p-Toluenesulfonyl 

l-Trifinoromethanesdfonatesalfonated 
(p-Methoxyphenylcarbamoyl) 

A= 
A= 
A 
A 
B 
B 

: 

A 
A 
E 
E 
B 
B 

Acetonitrile 
Diethyl ether 
A&o&rile 
Diethyl ether 
Acetonitrile 
Diethyl ether 
Acetonitrile 
Diethyl ether 
A&o&de 
Acetonitrile 
Diethyl ether 
Acetonitrile 
Diethyl ether 
Acetonitrile 
Diethyl ether 

A Acetonitrile 85 
A Diethyl ether 100 
E Acetonitrile 100 
E Diethyl ether 100 
B Acetonitrile 63 
B Diethyl ether 100 
C Acetonitrile 100 
C Diethyl ether 85 

N-Phenylcarbamoyl 
p-Toluenesulfonyl 
p-Toluenesulfonyl 
p-Toluenesulfonyl 

A= 
A 
A 
A 
A 
A 

p-Toluenesulfonyl 
p-Toluenedfonyl 
p-Toluenesulfonyl 
N-Phenylcarbamoyl 

A 
B 
B 

Dichloromethane 
Dichloromethane 
Dichloromethane 
Dichloromethane 
Diethyl ether 
Dimethoxyethane 
(--58’c) 
Tetrahydrofuran 
Dichloromethane 
Diethyl ether 
Dichloromethane 

(alcohol = methyl 2,3,4-tri-O-benzyl-a-D-galactopyranoside) 
N-Phenylcarbamoyl Dichloromethane 
(alcohol = methyl 2,3,4-tri-0-benzyl-aannopyranoside) 

75 

1: 
loo 
100 
100 
100 
100 
100 
loo 

70 
67 

100 
100 
91 

93 15 
87 28 
94 6 
92 9 

loo I4 
71 15 

100 61 
84 36 . 

100 12 
52 56 

72 46 

;7 
44 
33 
37 
44 
30 
30 
37 
Baseline 
36 
21 
50 
21 
44 
22 

42 
10 
37 
19 
21 
27 

aA = methanol, B = isobutyl alcohol, C = cyclohexanol, E = ethanol. One equivalent used. 
bTrSuoroethane- and p-toluene-sulfonate reactions conducted at room temperature. %~ults from 
ref. 14.*Triftuoromethanesulfonate reactions conducted at -78” unless stated otherwise. 

starting materials and reactants were prepared by conventional methods and the 
reactions were conducted on preformed glycosyl sulfonates and approximately 
equivalent amounts of alcohol. The results are reported in Table I. Some experimental 
improvements were introduced into our earlier techniques to ensure anhydrous 
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conditions, and as a result the yields are better than those of Lucas and Schuerch14; 
they show essentially complete reaction. The few non-quantitative yields probably 
reflect errors in measurement of the alcohol or the slower formation of the 6-O-p- 
toluenesulfonyl-glycosyl chloride, the precursor of the I-sulfonate. 

Two new substituents were tested in this series, the 6-0-toluenesulfonyl and 
the 2,2,2-trifhroroethanesulfonate leaving-groups at C-l. The results obtained with the 
latter were similar to those with the p-toluenesulfonate leaving-group. All reactions 
were conducted at room temperature, except for those with the triihroromethaue- 
suIfonate group, which proceeded at decreased temperature. The solvent-dependence 
of the reactions of 6-0-p-toluenesulfonyIgalactopyranose derivatives was greater, in 
general, than that of the 6-0-(N-phenylcarbamoyl)-D-galactopyranose derivatives, 
irrespective of the substituent at C-l. In contrast to the results found by Ebyll on 
corresponding glucose derivatives, those reactions effected in acetonitrile on the 
6-0-p-tolylsulfonyl-D-galactopyranosyl sulfonates produced more CL anomer than those 
performed in ether. 

The stereoselectivity found in this series was highest for formation of fi- 
glycoside when the leaving-group at C-l was trifluoromethanesulfonate and decreased 
in the order F,C-SO,- > F3C-CH2-SO,- N p-CH&H,SO,-. None of the reactions 
led to high a-stereoselectivity. These results in general confirm and extend the results 
of Lucas and Schuerch14. Furthermore, those reactions that favored formation of 
high proportions of j?-glycoside with methanol were much less selective with saccha- 
rides. It, therefore, seems clear that derivatives having this substitution pattern are not 
attractive reactants in stereoselective syntheses of galactosides. SimiIarly Frechet and 
Baer have found that both 2,3,4,6-tetra-O-benzyl- and 2,3,4-tri-0-benzyl-6-O-p 
nitrobenzoyl-cr-D-galactopyranosyl bromide fail to give high cr-stereoselectivity on 
methanolysis with excess methanol, even with catalysis by bromide ion16. 

Leaving this series, a limited number of methanolyses were conducted on 2,3- 
di-O-benzyl-4,6-di-O-(N-phenylcarbamoyl)-D-g~actopyranosyl p-toluenesulfonate. 
(Table II). This compound may be prepared in a straightforward sequence from ally1 
4,6-0-benzylidene-cr-D-galactopyranoside. It and others to be discussed were chosen 
because substituentsr7 at C-4 and, apparently to a lesser extent, C-3 in other series”, 
have been shown to affect stereoselectivity of reactions at C-l. This influence proved 
to be the case here as, in contrast to the results with 2,3,4-tri-0-benzyl-D-galacto- 
pyranosyl p-toluenesulfonate, this compound gave rather high cl-selectivity on 
methanolysis in ethers. In dimethoxyethane, about 94 % of the a-product was formed. 
In the same solvent, 2,3,4,6-tetra-O-benzyl-D-galactopyranosyl p-tcluenesulfonate, 
for example, gave only 43 % of oc-glycoside. Furthermore, methanolysis of 2,3-&O- 
benzyl-4,6-di-0 -(N-phenylcarbamoyl) -1-O -trilluoromethanesulfonyl-D -galactopyra- 
nose in ether at -70” gave, according to n.m.r.-spectral analysis, essentially no OL, 
and only the fi anomer. Clearly, these galactopyranose derivatives show much more 
promise in stereoselective glycoside syntheses. 

These results were generally confirmed when galactopyranose derivatives 
having ether substituents only at C-2 were tested (Table III). In previous work from 
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TABLE II 

hfJSHANOLYSIS OF ~,~-DI-~-B~Z~-4,6_DI-~-(~-PHENyLC~~OYL~~-~-~-T~-~~~OP~- 

NOSE 

Solvent a:/? Ratio a (“%I 

Ether 15:ll 58 
Acetonitriie 30:17 64 
Dichloromethane 5:13 2s 
Dimethoxyethane 44:3 94 
Tetrahydrofuran 8:6 57 
1 &Dioxane 13:2 87 

TABLE III 

GLYCOSIDATlON OF 3,4-Di-O-(Nk%EN OYL)-6-O-ACETYL-D-GALACYRANOSYL DJ?RlVATIVES 

I-sulf Mte 

p-Toluene5** benzY1 
p-TolueneO benzyl 
p-Tolueneb &nzYl 
p-Toluene* b=wl 
p-ToIuene” benzyl 
p-Toluene= t==Yl 
p-Toluene* henzyl 
p-Toluenea henzyl 
p-TomeneD h=Wl 
p-Toluenea henzyl 
p-Toluenea benzY1 
p-Tolueneb ally1 
p-Toluene* ally1 
Methane* allYI 
Methane* ally1 
Methane” h==Yl 
Methane= t==H 
2,2,2-Trifluoroethanehane” henzyl 
2,2,2-Trifluoroethane~ hew1 
Trifkoromethaneb~c ally1 
Triftuoromethane~J t==Yl 
Trifluoromethane~J benzyl 

z-o- 
Substituent 

Alcohol= Solvent 

A 
A 
A 
A 
A 
A 
A 
B 
B 
C 
c 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

acetonitrile 
dichloromethane 
tetrahydrofurane 
1 &dioxane 
ether 
dimethoxyethane 
dimethyl ether 
acetonitrile 
dimethoxyethane 
acctonitrile 
ether 
acetonitrile 
dimethoxyethane 
acetonitrile 
dimethoxyethane 
acetonitrile 
dimethoxyethane 
acetonitrile 
dimethoxyethane 
ether 
dichloromethane 
dimethoxyethane 

Conversion a Anomer 
(“%I (%I 

7s 
90 
89 
75 
84 
91 
85 
95 
95 
9s 
9s 

91 
60 
74 
86 

58 
64 

69 
71 
81 
85 
91 
93 
62 
786 
91.J 
80d 
88a 
786 
94d 
78d 
94d 
65 
92 
St? 
83 
266 
49 
33 

aPrepared from the corresponding galactosyl chloride. Wepared from the corresponding galactosyl 
bromide. CA methanol, B isobutyl alcohol, C cyclohexanol. Concentration of alcohol 0.2mol/l. 
(One equivalent used.) dAnomeric ratios determined from 13C spectrum. =Reaction Performed at 
-70°. rReaction Performed at -50’. 

this laboratory, only the bet& group has been used” as a nonparticipating group 

on C-2. In this series, the ally1 group was also used. It, of course, offers a potential 
route to 2-substituted oligosaccharides as it can be removed by quite specific reagents 

under mild conditions1gS20. The compounds used in the following series are either. 
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Z-O-allyl- or 2-0-benzyl-3,4-di-0-(N-phenylcarbamoyl)-6-O-acetyl-~-galactop~ano- 
syl sulfonates. 

Our attempts to use the procedure of Hodge and Ri.@, who prepared 2-O- 
benzyl derivatives of D-glucopyranose, for the preparation of galactose aaalogues 
were unsuccessful. Other methods for preparation of 2-U-benzyl-D-galactopyrauose 
and its derivatives have been reportedZz-24. 

An entry into the series is available from 1,6-anhydro-3,4-O-isopropylidene- 
j?-D-gkactopyranose (3). Benzylation or auylation of 3 gave the corresponding 
2-ethers 4 and 5, respectively. The isopropylidene groups were hydrolyzed, giving 
the dio16 and 7, which were treated with phenyl isocyanate yielding 3,4-di-N-phenyl- 
carbamates 8 and 9, respectively. Acetolysis of 8 and 9 gave the corresponding 1,6- 
diacetates, 10 and Il. The glycosyl halides were prepared by reaction of 10 and 11 
with hydrogen chloride or hydrogen bromide in dichloromethane or dichloro- 
methane-diethyl ether solution. To counter debewlation, which has also been 
observed in the preparation of l,3,4,6-tetra-O-acetyl-2-O-benzyl-a-~-galactopyra- 
nosez3, the bromide pro duct was filtered through silicic acid before use. However, 
this procedure resulted in greatly decreased overall yields in comparison with that 
obtained from the chloride analogne. The chloride is, therefore, the preferred reactant. 

Glycosidation was performed as previously described1’*14, with galacto- 
pyranosyl derivatives prepared by treatment in vacua of the silver salts of various 
sulfonic acids with the appropriate galactosyl halide. 

Seven different systems gave 91 f3 % of a-galactosides in the anomeric products. 
(Table III). The overall conversions were also usually 85-95%. Both solvent and 
leaving-group at G-l exert a major effect on the anomeric ratio of the products. 
Such solvents as benzene and carbon tetrachloride were not sufficiently polar to 
dissolve the p-toluenesulfonates, so that only more-polar solvents could be used. Of 
these, the ethers, especially l,Zdimethoxyethane, yielded the highest proportion of 
a products. The effect of the nature of solvent is practically the same as that observed 
in methanolyses of 6-O-substitnted-2,3,4-tri-O-benzyl-D-glucopyranosyl p-toluene- 

10 R = 

11 R= 

OAc 

1 

:H+.*C 

OH 

2R= R’= H 

JR,R’& MQ< 

PhNH!? r; 
\ 

OR OR 

4 R = PhCHZ 6 R = PhCHz,R’= H 

5 R = H$Z=CHCHZ 7 R = Hs=CHCHZ.R‘= H 

8 R = PhCHZ , R’= PhNHCO 

9 R = +C=CHCHZ.R’= PnNI 

6R 

PhCHZ . R’= PhNHCO (01 ammerl 

HzC=CHCHZ , R’ = PhNHCO 

k+Ph 

l2 
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sulfonatel ‘. The effect of the leaving group was also generally consistent with results 
of related, previous work. Specificity for a-glycoside was in the order:p-CHsCsHsSOs- 
> F,C-CH,-SO,- > F,C-SO,-. However, substitution of methane- and p-toluene- 
sulfonate groups were practically equally stereoselective. It was also encouraging to 
find that the 2-O-ally1 and 2-U-benzyl groups could be used interchangeably, without 
diminution of the yield of c( product, and the stereoselectivity of the reaction was 
reasonably insensitive to the structure of reactant alcohol (methanol, cyclohexanol, 
and isobutyl alcohol). 

Disaccharides were also prepared by treatment of 6-0-acetyl-2-0-benzyl-3,4- 
di-0-(N-phenylcarbamoyl-D-galactopyranosyl p-toluenesulfonate with methyl 2,3,4- 
tri-0-benzyl-D-galacto-(and D-manno-pyranoside in 1,Zdimethoxyethane. In both 
instances, the same ratio of a anomers was obtained as with simpler alcohols (89 
and 91% respectively), but the yield was relatively low (- 55 % of theoretical). 
The reasons for the lower yield were not explored because of a shortage of reagent. 
However, it is believed that minor differences in technique may have led to these 
poorer yields and, with further experience, results comparable to those with simple 
alcohols may be obtained, most probably at longer reaction-times. 

In summary, it appears that glycoside syntheses of high a-stereoselectivity can 
be achieved with the 2-O-allyl- and 2-0-benzyl-D-galactopyranosyl p-toluene- and 
methane-sulfonates tested and probably with similar 2,3-di-0-benzyl derivatives. 
The sensitivity of their glycosidation reactions to solvents and their -relative in- 
sensitivity to aglycon (alcohol) structure is reminiscent of the behavior of 2,3,4&i-O- 
benzyl-D-glucopyranosyl p-toluenesulfonate. These properties suggest the suitability 
of these and related compounds for the production of apalactosidic linkages in 
oligosaccharides. 

EXPEFtIMENTAL 

General. - Melting points were determined with a “Meltemp” instrument and 
76-mm immersion thermometer, and are recorded as read. Optical rotations were 
performed at ambient temperature, usually in chloroform at a concentration of 
about 1 g/100 ml, with a Pet-kin-Elmer 141 automatic polarimeter. N.m.r. spectra 
were determined in chloroform-d solutions with Varian A-60-A or XLilOO spectro- 
meters. Elemental analyses were performed by Galbraith Laboratories, Inc. Thin- 
layer chromatography (t.1.c.) was performed on silica gel plates (Bakerflex lB-F) and 
sprayed when necessary with sulfuric acid-ethanol (N 1: 3). Column chromatography 
was performed as needed on silicic acid (Mallinckrodt No. 2844) or neutral alumina 
(Brockmann activity 1, Fischer Scientilic), 

Preparation of 2,3,4-tri-O-benzy&D-galactopyranosyl derivatives. - Methyl 
2,3,4-tri-O-acetyl-6-O-trityl-a-D-galactopyranoside was prepared by sequential tri- 
tylation and acetylation of methyl a-D-galactopyranoside, and was converted into the 
2,3,4-tri-benzyl ether with-potassium hydroxide and benzyl chloride. Detritylation 
with hydrogen bromide in acetic acid was not complete, but subsequent acetolysis 
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extracted with saturated sodium hydrogencarbonate, aqueous sodium thiosulfate, 
and distilled water. The organic extracts were dried (sodium sulfate) and evaporated 
to syrups. N.m.r. spectra were taken directly on the syrups dissolved in deuterio- 
chloroform. 

For disaccharide synthesis, the procedure just outlined was’modified in that 
the methyl 2,3,4-tri-U-benzyl-c-galacto- and manno-pyranosides were dried in a 
second chamber. The preformed triiluoromethanesulfonates were then filtered onto 
these compounds in vacua and reaction was allowed to proceed at - 78 O. The mixtures 
were processed as described previously, and the crude syrups obtained were chro- 
matographed on silicic acid. The total conversion and percent of each anomer were 
estimated from 13C spectra. The coupling of the 6-U-(N-phenylsarbamoyl)-2,3,4-tri- 
U-benzyl-D-galactopyranosyl tritluoromethanesulfonate with methyl 2,3,4&d-U- 
benzyl-u-D-galactopyranoside yielded 52.3 % of disaccharides (cr :fi = 14: 11). The 
corresponding coupling with methyl 2,3+tri-U-benzyl-a-D-mannopyranoside yielded 
71.9 % of disaccharides (a:/? = 23 :27; 13C n.m.r. C-lee 99.35, C-l/I 104.57). The 
latter disaccharide crystallized from diethyl ether-petroleum ether; yield of crystalline 
methyl 6-U-(N-phenylcarbamoyl)-2,3,4-tri-0-be~~-~-D-g~actopyranosyl)-2,3,~~i- 
U-benzyl-a-D-mannopyranoside 0.107 g (0.105 mmol, 5.5 %); m.p. 108.5-l lo”, 
[a]gs +4.71 (c 1.02, chloroform). 

Calculation of anomeric ratio and conversion in glycosidation. - The ratio of 
methyl glycosides in the glycosidation product was determined by comparison of 
peak areas of to the two glycosidic methoxyl groups in the proton-n.m.r. spectra 
of the organic-soluble fraction from processing of the glycosidation reaction. A base- 
line correction was applied from a spectrum obtained from the product of reaction 
with methanol-d,. As unreacted glycosyl sulfonate should appear in the product 
fraction hydrolyzed to give the hydroxyl group, the percent conversion was calculated 
from the ratio of peak areas for glycosidic methoxyl hydrogen to that for aromatic 
hydrogen. When these data were compared with those obtained from anomeric-peak 
intensities for the corresponding species in the 13C n.m.r. spectra, good agreement 
was generahy obtained. The latter method was, therefore, applied to glycosides of 
higher alcohols that could not be conveniently analyzed by proton-n.m.r. ~pe~tr~~~~py. 

Preparation of 2,3-di-O-benzyl-$,6-di-O-(N-phenylcarbamoyl)-cr-D-galactopyra- 

nosyl bromide. - (By Mr. Paul Morris). I-U-Allyl-a-D-galactopyranoside was 
prepared by a Fischer synthesis26, converted into the known 4,6-benzylidene aceta12 ‘, 
and benzylated with potassium hydroxide and benzyl chloride by known methods. 
Debenzylidenation with acetic acid and water2** yielded an oil that was carbanilated 
with phenyl isocyanate in pyridine. Purilication by chromatography gave the 4,6-c&U- 
(N-phenylcarbamoyl) derivative having m-p. 167-170”, [a],, -7.7” (chloroform)_ 
Rearrangement of the ally1 to the propenyl group, and hydrolysis with acetic acid 
and water, gave the free sugar; m.p. 197-203”, [aID f16.5” (acetone). This was 
converted into the 1,4,6-tri-U-(N-phenylcarbamoyl) derivative and thence as previ- 
ously into the glycosyl bromide with hydrogen bromide in acetic acid. The bromide 
was Altered through silicic acid before use, and converted into the desired p-toluene- 
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sulfonate and glycoside. Filtration through silicic acid was necessary to remove 
material debenzylated by hydrogen bromide, so that overall yields were lower than 
in the other series. All compounds through the dicarbanilate had n.m.r. spectra 
consistent with their proposed structures. 

Preparation of 1,6-anhy&o-2-Q-benzyl-B_D-galactopyranose (6). - Phenyl 
tetra-0-acctyl-j?-D-galactopyranoside (1) was prepared from penta-O-acetyl-B_D- 
galactopyranose (Senn Chemicals) in several batches of 125 g with yields 41.6 %, 
m-p. 121.5-122”, [a]n +3.98 to -0.5” (c 1, chloroform) liLzg, m.p. 123”-124”, 
[algo -0.7” (chloroform). Crude phenyl @-D-galactopyranoside from deacetylation 
of 1 was directly cyclized to give 1,6-anhydro-/3-D-galactopyranose30*31 (2). The 
product was crystallized from 2 : 1 acetone-methanol; yield 51.5 % (talc. on the basis 
of l), m.p. 220-221°, [aID -22.2 (c 1, water); lit.32 m.p. 220-221°, [a];’ -21.9O 
(water). 

Dry, powdered (2) (30 g) was stirred with dry acetone (900 ml) and dry copper 
sulfate (300 g). At the beginning, a small amount of dry hydrogen chloride was bubbled 
through the mixture. After 72 h copper sulfate was titered off and extracted with hot 
acetone. The acetone solutions were collected and evaporated to dryness, and the 
residue was extracted with dry chloroform under reflux. The extracts were treated 
with Darco and evaporated to 100 ml. The resulting crystals were recrystallized from 
chloroform-hexane. The 1,6-anhydro-3,4-di-O-isopropylidene-8_D-ganose 
(3) isolated yield 34.1 g (91.2%) had 153-154”, [a],, -73.2”, (c 1, chloroform); 
liLzsb, m.p. 151-152”, [alAg -73” (c 1.7, chloroform). 

A solution of 3 (0.168 mol) in dry toluene (180 ml) was heated for 4 h at 120” 
under reflux and stirring with benzyi chloride (0.67 mol) and powdered potassium 
hydroxide (0.42 mol), and was then kept overnight at room temperature. Solvents 
were evaporated off under diminished pressure and the residue was extracted with 
chloroform. The solution was washed with water, dried, and evaporated to dryness. 
The crude 1,6-anhy~o-2-O-benzy1-3,4-O-isopropylidene-B-D-galactopyranose (4) 
was twice crystallized from abs. ethanol; yield 41.9 g (85.4x), m.p. M-82“, [alo 
-81.9” (c 1, chloroform): lit.22 m.p. 84-84”, Ca]iz -81.9” (c 0.87, chloroform). 

The solution of (4) (35 g) in ethanol (450 ml, 65%) containing sulfuric acid 
(4 mmol) was boiled for 10 h under reflux. After neutralization, the solvents were 
distilled off and abs. ethanol was distilled from the residue. Crude 1,6-anhydro-2-0- 
benzyl-j?-o-galactopyranose (6) was extracted with dichloromethane and crystallized 
after addition of petroIeum ether; yield 28.6 g (94.7%) of colorless plates, m.p. 
102.5-103.5°, [a],, -37.4”, (c 1, chloroform); lit.“, m-p. 104-105”. 

Preparation of I,6-anhydro-2-O-allyl-P-D-galactopyranose (7). - 1,6-Anhydro- 
2-O-allyl-3,4-O-isopropylidene+galactopyranose (5) was prepared by the same 
method as for the benzyl analog, with the modification that ally1 bromide was used as 
both reagent and solvent. The product was crystallized from ether-petroleum ether 
in 73 % yield, m.p. -55-56”, [a&, -74O, (chloroform). 

Anal. Calc. for C12H1805: C, 59.49; H, 7.49. Found: C, 59.67; H, 7.65. Com- 
pound 7 was obtained as a syrup in 100% yield; [aID -27.5”, (c 1, chloroform). 
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Anal. Calc. for CgH,,05: C, 53.46; H, 6.98. Found: C, 53.28: H, 6.86. 
I,6-Anhydro-2-O-benzyZ-3,4-di-O-(N-phenyZcarbamoyl)~~-B-D-galactopyr~ose (8). 

- Phenyl isocyanate (31.8 g) was added dropwise to a solution of 6 (28.3 g) in 
dry pyridine (150 ml) at 0” with stirring. After 72 h, water (I ml) was added and the 
solution was then poured onto ice. The organic portion was extracted with chloroform, 
washed with water, and dried. The solvents were distilled off under diminished 
pressure and toluene was distilled from the residue. The residue was extracted with the 
same solvent, and the mixture filtered. Toluene was distilled off and the product was 
crystallized from dry ether; yield 44.7 g (81.3 %) of colorless needles m.p. 105O 
(transition at 78-80”), [cz]n -99.9O, (c 1, chloroform). 

Anal. Calc. for C2,Hz6N20,: C, 66.11; H, 5.34; N, 5.71. Found: C, 65.99; 
H, 5.47; N, 5.69. 

I,6-Anhydro-2-O-alryI-3,4-di-O-(N-phenyicarbamoy~-~-~-ga~actopyranose (9). 

- This product was crystallized from ether-petroleum ether; yield 90 %, m-p. 79-80”, 
[fx]n -61.6”, (c 1, chloroform). 

Anal. Calc. for C23H24N207: C, 62.72; H, 5.49; N, 6.36. Found: C, 62.67; 
H, 5.68; N, 6.16. 

I,6-Di-O-acetyl-2-O-benzyZ-3,4-di-O-(N-phenylcarbamoyZ)-a-~ -galactopyranose 
(10). - To a solution of 8 (10 g) in acetic anhydride (25 mi), was added a solution 
of sulfuric acid (1 mmol) in acetic anhydride (5 ml) at O” with stirring. After 10 min, 
the mixture was poured onto ice and, after decantation, stirred with water (800 ml) 
overnight. The precipitate was filtered off and dissolved in chloroform The solution 
was washed with water and sodium hydrogencarbonate solution, dried (magnesium 
sulfate), and evaporated to dryness under diminished pressure. The resulting, glassy 
product was crystallized twice from 1: 1 ethanol-hexane; yield 8.1 g (67 %) of colorless 
crystals, m-p. 163-164O (transition at 148”), [aIt, +103.9°, (c 1, chloroform). 

Anal. Calc. for C31H32N2010: C, 62.83; H, 5.44; N, 4.73. Found: C, 62.82; 
H, 5.30; N, 4.94. 

I,6-Di-O-acety~-2-O-allyl-3,4-di-O-(N-phenyZcarbamoy~-~-galactopyranose(ll) 

- This product was isoIated as a syrup in 95% yield. 
Anal. Calc. for C2,H3,-,NZ01,,: C, 59.77; H, 5.57; N, 5.16. Found: C, 59.49; 

H, 5.53; N, 5.15. 
6-O-Acetyl-2-O-benzyl-3,4-di-O-(N-phenyZcarbamoy~-a-D-ga~actopyranosy~ 

chZoride (12). -After drying under high vacuum, compound 10 (4.8 g) was dissolved 
in dry dichloromethane (15 ml) and then ether (75 ml) was added. The solution was 
saturated with dry hydrogen chloride at 0” and kept overnight at room temperature. 
The solvents were evaporated off under diminished pressure and dry benzene was 

distilled 4 times from the residue, which was then dried under high vacuum. The 
crude product was twice crystallized from 3 :2 ether-hexane; yield 4.0 g (86.8 %) 
colorless crystals m.p. 154157O under decomp., [aIn 139.3”, (c 1, chloroform). 

Anal. Calc. for C,gH29N,0sCl: C, 61.21; H, 5.14; N, 4.92; Cl, 6.23. Found: 
C, 61.50; H, 5.40; N, 4.86; Cl, 6.29. 
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